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Muon Id efficiency 
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Muon ID efficiency evaluated with the tag-and-probe method as a 
function of the momentum of the probe muon,  comparison of data 

(open black) and MC (closed red). 
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MuonID:  fake rate Vs momentum 
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Fake rate probability vs momentum. Left: ε(πàµ) from Ksàππ, right: 
ε(pàµ) from Λàpπ. Open markers: data, filled markers: MC 
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Xcheck: Acceptance from data 

where �REC
B+→J/ψK+ refers to the acceptance and reconstruction efficiency in the B+ →719

J/ψK+
normalization channel, �REC

B0
(s)→µ+µ− for the B0

(s) → µ+µ−
signal.720

For this study, a tighter selection has been applied in order to reduce the system-721

atic uncertainties in the signal yield extraction in presence of the background (see Ap-722

pendix A.1). The ratio of selection and trigger efficiencies is determined on the smeared723

MC (see Sect. 9.2.1) to be 0.887. The yields N(B0
) and N(B+

) for the B0
d → J/ψK∗0

724

and B+ → J/ψK+
candidates are extracted from a fit of the invariant mass distributions725

(Fig. 12). We find:726

B+ → J/ψK+
: 10939± 113

B0
d → J/ψK∗0

: 6176± 109 .

Both samples have been corrected for the presence of multiple candidates. For the727

B+ → J/ψK+
channel, multiple candidates are negligible. However for the B0

d → J/ψK∗0
728

channel, 10% of the events have more than one candidate: multiple candidates are built729

by the same three out of four tracks, typically the two muons from the J/Ψ and K from730

the K∗
, plus a random pion than combines with the kaon to give an invariant mass inside731

the allowed range of the broad mass of the K∗
resonance. We correct the yield for this732

factor and assign a 5% systematic uncertainty for this.733
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(a) B+ → J/ψK+
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(b) B0
d → J/ψK∗0

Figure 12: Invariant mass distributions of B+ → J/ψK+
(left) and B0

d → J/ψK∗0
(right)

candidates.

Finally, the ratio of reconstruction efficiencies between the signal and a three body734

normalization channel can be written as735

�REC
3 body

�REC
2 body

≈
�REC
B0

d→J/ψK∗0

�REC
B+→J/ψK+

× �MC
= �MC ×

Bvis
B+→J/ψK+

Bvis
B0

d→J/ψK∗0
×

�SEL
Bu

�SEL
Bd

× NBd

NBu

= 0.59± 0.02stat ± 0.03syst , (21)

39
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A RooPlot of "Bmass"
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Mass peaks using a tighter selection (VDS>25 instead of 15, else 
selection as described in the paper) for the determination of the 

ratio of acceptance and reconstruction efficiencies. 

Yield: 10939±113 Yield: 6176±76 
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Trigger efficiency map 
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Trigger efficiency map determined from an inclusive J/ψ sample 
as a function of the maximal PT and IP of the two final state 

muons. 
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Normalization factor 1: JPsiK 
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Invariant mass of the B+àJ/ψK+ candidates. 
  

Yield: 12366±184(stat) à enters in normalization factor 

Fig7_Norm_Bu2JPsiK.png / png 



Normalization factor 2: JPsiPhi 
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Invariant mass of the BsàJ/ψφ candidates.  
Yield: 822±36(stat) à enters in normalization factor 
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Normalization factor 3: fraction B2KPi 
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fKπ (fraction of BàKπ in the inclusive Bàhh’ smaple) calculated 
using different PID cuts. The blue vertical line shows the start of 
the “plateau”. The red line shows the average value of fKπ in the 

plateau and the dotted line the estimated uncertainty. 
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Normalization factor 3: fraction B2KPi (2) 
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Invariant mass distributions for the different daughter mass 
hypotheses for Bàhh’. A DLL(K-π) > 10 is applied to identify the K 

and π candidates. 
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Normalization factor 3: TIS B2hh 
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Invariant mass of the Bàhh’ candidates triggered  
independent of signal.  

Yield: 611±56(stat) à enters in normalization factor 
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B2hh fit in GL bins: bin 4 
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2

Invariant mass of the Bàhh’ candidates triggered  
independent of signal. Shown is the GL range [0.75,1]. 
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GL training from MC 
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MC input distributions for GL definition. Shown is the signal 
Bsàµµ and the background bbàµµX 
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MC: GL for signal and bkg 

13/17 

h1__1
Entries  10267
Mean   0.07123

RMS    0.07234

GL
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

-410

-310

-210

-110

1

h1__1
Entries  10267
Mean   0.07123

RMS    0.07234GLKsmsb.

LHCb

MC

MC: GL distribution for signal (black) and bbàµµX background 
(green, filled). 

Fig21_MC_GL_signalBkg.pdf / png 



Mass resolution from J/psi, psi, Y 
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Invariant mass for J/ψ and ψ(2S) 
candidates. 

Fit chi2/ndf: 436/90 

Invariant mass Y(1-3S) candidates. 
Fit chi2/ndf: 298/112 
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Mass resolution: linear interpolation 
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Linear interpolation of mass resolution between J/ψ, ψ(2S) 
and Y(1-3S) candidates. The vertical line indicates the 

resolution at the Bs mass. 
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The dashed line is the background only expectation, the full 
line the observed data and the green area is the ±1 sigma 

area of compatible experiments. 
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Prospects: Extrapolation to 2fb-1 
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Projection of the Expected limit with 37pb-1 to higher luminosities and 
observation prospects.  

Fig27_Prospects_exclusion.pdf / png Fig28_Prospects_discovery.pdf / png 


